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Foreword 

This Ethiopian Standard has been prepared under the direction of the Technical Committee for Cereals, pulses and derived 
products (TC 11) and published by the Ethiopian Standards Agency (ESA). 

The standard is a reaffirmation for reprint of the Ethiopian Standard ES ISO :200 , 

with some editorial changes without altering the technical contents in the former text. 



INTER NATIONAL STANDARD 
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Wheat flour — Physical characteristics of doughs — 

Part 3 : 

Determination of water absorption and rheological properties 
using a vaJorigraph 



1 Scope 

This part of ISO 5530 specifies .a method, using a valori graph N 
for the determination of the wale* absorption of flours and the 
mixing behaviour of doughs niado from them. 

The method h applicable to flour from wheat \Trkkum 



2 Normative references 

The foil owing standards contain provisions which, through 
reference in this text, constitute provisions of J his pari of 
ISO 5530. At the time of publication, the editions indicated 
wem vatid. All standards are subject to revision, and parties to 
agreements based on this part of ISO 5530 are encouraged to 
investigate the possibility of applying the moat recent editions 
of the standards listed below. Members of JEC and ISO main- 
tain registers of currently valid International Standards. 

ISO 712 : THS5, Cereals and c$r$$ products — Determination 
of moisture content {Routine reference method}. 



ISO 2170 
products. 



1 930, C&ecih- and puhes - ■ Sampling of mfticri 



3 Definitions 

Fo* the purposes of this part of ISO 5550, the fotl owing defi- 
nitions apply. 

3,1 consistency* The- resistance eapjessed in arbitrary 
units (valorigraph units, VU), of a dough to being mixed in the 
valorigfaph at a specified constant speed. 



3.2 water absorption [of flour) : The volume of water, 
expressed in miN iJitres per 100 g o1 flour st 14 % imfm] 
moisture content, requked to produce a dough with a maxi 
mum consistency of 500 VIJ, under the operating conditions 
specified in this part of ISO 5530. 



4 Principle 

Measurement and recording, by means ot a valorigraph, of the 
consistency of a dough as it is Formed from fiour and water, as 
it js developed, and as it is broken down. 

NOTE — friE maxm-iLim consistency of the dough is adjusied TO a f»ceij 
value bv adapting the quantity of water added. The corruci wz\&r 
addition, which is called the water absorption, is useti ro obtain u com- 
plete miring curve, the various features of which axe a guids tn the 
strength of the flour, 



5 Reagent 

Distilled water, or water of equivalent purity. 

6 Apparatus 

Usual leboiatory equipment and, in particular, the following. 

6,1 V&Jorigraph (see annex A]. 

6,1.1 Operating characteristics 

- Slow blade rotational frequency: i64 1 2) min -1 

The ratio of the rotational frequencies of the mixfno, blades shall 
be 1,50 ± 0,01. 



15 This, part of ISO 5530 has oeen drawn up art the. basis oi the Lapnr-MIM VaEprigraph, 

This information is given for the convenience of users of this part tf ISO 5&30 and does not constitute an endorsement by ISO of this proriucS. 
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- Deflection of the recorder pen, when the [ever arm is 
loaded, at the appropriate position (75 mm from the pivot], 
with the calibrating weight (900 g, accessory of the instru 
menu, with the mixing blades rotating in the empty bowl: 
I500± 1GJVU 

- Chart speed; (1.00 ± 0,03] cm/min 

6.1.2 Burettes 

— burette graduated from 25 ml to 35 ml in r 1 mi divisions, 
and 

— burette graduated from 32 ml in 42 ml in 0,1 mi divisions. 

1 he time to flow from ml to 35 ml or ml to 42 ml respectively 
shall be not more than 20 s. 

6.2 Balance, accurate to J g. 

6.3 Plastic spatula 

6.4 Water-hath, capable of being controlled at a 
temperature of BJtU^C. 



7 Sampling 

Carry out sampling by She method specified in ISO 2170. 

8 Procedure 

8.1 Determination of the moisture content of 
the flour 

Determine the moisture content of the flour using the method 
specified in ISO 712. 

3.2 Preparation of sample and apparatus 

8.2.1 If necessary, bring the flour to a temperature of 
(25 ± Si °C. Fid the flask of the vaforigraph with water. Switch 
on the preheating and the thermostatically controlled heating. 
When the air temperature has reached 2B :> G, switch off the 
preheating. Start a flow of tap water through the cooling tubes 
of the valorigraph. Before and during use, check [he tempera 
ture of the air in the centre pan of the cabinet. The air 
temperature shall be net ween 28 & C and 30 °C, with the mixer 
mounted, for at least 10 min before the first test portion is 
piaced into the mixer, During use r the air temperature shall be 
(30 - 0,2 J *C. 



8.3 Test portion 

Weigh, to the nearest 0,1 g, the equivalent of 50 g of flour 
having a moisture content of 14 % [m/m\, Let this mass, in 
grams, be m; see table 1 for in as a function of moisture 
content. 

Switch oft the heating. Place the flour into the mixer. Cover the 
mixer, and keep it covered until the end of mixing (SAIL 
excepi for the shortest possible time, when water lias to be 
added, and the dough scraped down [see A .2.2), Switch on 
the thermostatically controlled heating. 

8.4 Determination 

3.4.1 Mis for 1 min or slightly lortger, Start adding water from 
the burette into the mixer, when a whole-minute line on the 
recorder paper passes by the pen. 

NOTF - In nrder ?o rti<tuc& the waiting time, the recorder paper may 
be moved forward during !h« inixing of the flour. Do noi move it 
backwards. 

Add a volume of water close to that expected to produce a 
maximum consistency (-9.1 J of 500 VU. When the dough 
forms, scrape down the sides of the bowl with the spatula 
16.3), adding any adhering particles to the dough, wirhom 
stopping the mixer. If the consistency is too high, add a little 
mo*e water to obtain a maximum consistency [0.1] of approxi- 
mately 500 VU. Stop mixing and dean the mixer. 

8.4.2 After cleaning r placo the parts of the mixer for at least 
2 min in the water- bath (6.4) at a temperature of (31 ± 1) & C. 
Dry and mount them rapidly. Wait for at least 5 min r with the 
temperature control operating, before the next mixing. 

8.4.3 Make further mixings as necessary, until two minings 
are available 

— in which the water addition has been completed within 
25 s; 

— the maximum consistencies 19. 1 1 of which are between 
430 VU and 520 VU; and 

— the recording of which has been continued for at least 
12 min after the end of the development time (9:2) a If the 
degree of softening is to be reported. 

Stop mixing and clean the mixer. Between successive mixings, 
repeat the operations specified in 8.4.2. 



8.2.2 Adjust the arm of the recorder pen so as to obtain i?ero 
deflection with the mixmg blades rotating in the empty, clean 
bowl, 

Adjust the damper so that, with the motor running, the time re- 
quired for the recorder pen to go from 1 000 VU to TO VU is 
i1 r Q-0 r 2is. 

8.2.3 Fill the burette with water. Fill the tip of the burette by 
letting about 1 ml of water flow into a vessel; fiN the burette 
again. 



9 Expression of results 

9.1 Water absorption 

From each of the mixmgs with maximum consistencies 
between 480 VU and 520 VU. derive t'^e corrertr-d volume K., 
in mfllilitres, of water corresponding to a maximum consistency 
of 500 VU r by means of the formula 

V c = V a 0,016 k- 500r 
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where 

V is the volume . in m ill i litres, of water added: 

c is the maximum consistency,, in valorigraph units, <see 
fry u re 1) given by 

Cj + c 2 



where 

c) is ihc* maximum height ni the upper contour of the 
curve, in valorigraph unrts; 

r 2 i& rhe maximum height of the lower cqtuqui of the 
Curve, in valorigraph units, 

NOTE — In the rslaeively infrequent .r.ase wlhere Iwq maKim^ 9 re 
observed, u&h [he hei^h-* gf the higher rna-sfmum . 



Use for the calculation Che mean value of duplicate determi- 
nations of k;., provided thai the difference between them does 
not exceed 0,5 ml of water. 

The valorigraph water absorption, expressed in mi UN it res per 
100 g of flour 3t 14 % im/m] moisture content r is equal te 

(K - m - 501 x 2 

where 

V c is the numerical value of the mean value of the 
duplicate determinations of the corrected volume, in 
rni Hi litres, of waier correspond -c ;m -\ max in -urn consist- 
ency of 500 VU; 

in is the numerical value of the mass, in grams, of the test 
portion derived from table 1. 

Report the result to the nearer 0,1 ml per 100 g. 



Table 1 — Ma&s- of flour, in gram£ r equivalent to 50 g r at a moisture content 


of 14 % tm/mi 


Moisture 


Mass at 


Moisture 


Muss if 1 


Moisture 


fVlflRS TH 


content 


of flour 


content 


Of flour 


content 


of flour 


% [tut in] 




% tm/tfi) 




% \t77/?7?} 




3.0 


47 r 3 


12,1 49,9 


M 


5C.6 


&l 


47,3 


12,2 


43,0 


15.2 


bO , / 


9,2 


47,4 


12,3 


43,0 


15,3 


50,8 


»,3 


47,4 


12,4 


49,1 


15,4 


50.$ 


9 r 4 


47 r S 


12,5 


49;.1 


15,5 


50,9 


9.5 


47,5 


12,6 


49,2 


IS. 6 


50,9 


9.6 


■17,6 


1?,7 


43,3 


15,7 


51,0 


9.7 47-6 


12,3 


43,3 


15,8 


51.1 


9.8 


47,7 


12,9 


49,4 


1&.9 


51,1 


9.9 


47,7 


13,0 


43. d 


16 r Q 


51.2 


10.0 


47,S 


13,1 


4S,5 


16J 


51,3 


10 ' 


47,8 


13.2 


49,5 


16,2 


51,3 


10,2 


tfr$ 


13,3 


43,6 


16 r 3 


61,4 


10,3 


47,9 


13.4 


49,7 


16,4 


51,4 


10,4 


4^0 


13.5 


43,7 


I6 r 5 


51 ,5 


10,5 38,0 


l3,ti 


49,8 


16,6 


61,6 


10,5 43 r t 


13,7 


49.fi 


16,7 


51,6 


10./ 4S r 2 


%% 


43,9 


16,8 


51.7 


10,3 48 r 2 


13,9 


49,9 


16 P 9 


51.7 


10.9 43,3 


14,0 


50,0 


17.0 


51. e 


11,0 48,3 


14,1 


50,1 
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51,9 


11,1 4S,4 


14,2 


50,1 


17,2 


51.9 


11,2 48,4 


14,3 


50,2 


17.3 


52.0 


11,3 $&£ 


14,4 


53,2 


17 P 4 


52,1 


I'M 48,5 


14.5 


50,3 


17 r 5 


52.1 


11,5 


48,-5 


14,6 


50,4 


17,6 


W.? 


116 


43,6 


14.7 


50.1 


17.7 


52.2 


1W 


48,7 


K.a 


50,5 


17,8 


52.3 


11. a 4S,S 


14.9 


50,5 


17 r 9 


52,4 


us 4a.a 


15.0 50.6 


ia r o 


52 r 4 


13,0 48,3 








NOTE - The values in this table vuere calc-tilatfrG Ms-no tne formula 






m- 430 ° 






100 - // 






wliere. H *s the moisture content of ihc sample, as a percemacju by ma 


££. 
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9.2 Dough development time 

The dough development time is the time from the beginning of 
addition of water to the point on the curve immediately before 
the first signs of the decrease of consistency (see figure 1). 

MOTE !fi the relatively inirequpm case where two maxima are 
observed, use (he second mcmrriumtQ measure rhedevetppmenc time. 

Take as the result the mean dough development time from the 
two curves to the nearest £)^ m i^ provided that the difference 
between them does not eaceed 1 min far development times of 
up to 4 m in, or 25 % of their mean value for longer deveiop- 
ment times. 



between them does not exceed 20 VU for decrees of softening 
up to 90 VU, or 25 % of their mean vafue for Jargcr values. 

9.4 Repetition 

If one or more of the differences between measurements on the 
two curves exceed the values specified in 9.1 to 9.3 inclusive, 
make another two mixings that meet the requirements of 3.4.3, 

9.5 Precision 

The precision data were determined from an experiment con- 
ducted in 19SS involving 11 laboratories, 4 levels, and deter- 
minations in duplicate as specified in the method (see table 21 



9,3 Degree of softening 

The degree of softening is. the difference in height between the 
centre of the curve at the end of the dough development time 
and the centre of the curve \2 min after this point (see 
figure l r . 

Take as the result the mean degree of softening from the two 
curves to the nearest SVU r provided that the difference 



10 Test report 

The test report shall specify the method used and the results 
obtained. It shall also mention all operating details not specified 
in this part of ESO 5530, or regarded as optional, together with 
details of any incf dents which may have influenced the results. 

The test report shall include all information necessary for the 

complete identification of the sample. 



Torque or consistency, VU 



Degree of softening 




Tim*, mifi 
Figure 1 - Representative valorigram showing the commonly measured indices 



Table 2 - Precision of valorigraph measurements 





Repeatability 


Reproducibility 


Water absorption 


0,7 ml per lOOgof tlour 


6 ml per 100 g of flour 


Dauyh development tfm? 


1,0 min 


Results inccndLisive 


Degree of softening 


up to 50 VU : 20 VU 


60 % of mean value 




above 80 VU : 25 % of mean value 
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Annex A 

(Informative) 

Description of the valorigraph 



A.I General description 

The vaJori graph unit hself consists ot a rni*er, a means for 
recording dough consistency in the form of valorFgram& r and a 
burette [A 2 ). its components are illustrated diagrammatical ly 
in figure AJ. 



The valorigraph unit is placed in a metal cabinet. The centre 
parE of the cabinet contains the mixer, the burette, and a flpsk 
with the stock of water (clause 5). They arc accessible by a 
plexiglass door in the front of the cabinet. The temper aiure of 
the air in the centre part of the cabinet is thermostatically con- 
trolled (A.3J. 
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Mixer, except back piata 


6 


Arm of rrjcDrdEr psn 


; 


MixEng blade 


7 


Dash-pot dampsr 


:■: 


Back plate of rinix&r 


8 


Driving shafi 


A 


Bronze band b&EwBen arm of mixer end 


S 


Motor 




feve* System uf rEcorrler 


::■: 


Reduction year 


5 


Lever system nf recorder 


11 


Clutch 






12 


Worm guar 



Figure A.T - Diagram of valorigraph unit 
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A,2 VaEorigraph unit 

A. 2.1 The valorigraph unit consists of 

a) a mixer, the parts of which can be detached (A.2.2I; 

b\ an electrical motor, with reduction gear, driving the 
mixer (A. 2-3); 

c) a lever system, acting as a dynamometer to measure 
she torque on the mixer (A.2.3); 

d) a dash-pot to damp the movements of the dynamom- 
eter iA.2.3); 

e r a recorder, the pen of which is actuated by the 
movements of the dynamometer (A. 2. 4); 

t) a burette to measure Ihe volume of water added to the 
flour. 

A, 2.2 The mixer is two-bladed and is designed to mix 
doughs from 50 g of flour, It is made of four parts : 

a) the back piste, through which shafts project to attach 
the mixing blades; 

b) and c) two mixing blades; 

d) the remainder of the mixer, i.e. two sides, front and 
bottom in one piece, 

Parts a) and d) are held together by means of two bolls and 
wing nuts. Parts b) to d) inclusive can be removed from the 
cabinet for cleaning. 

The slower mixing blade is driven directly by the shaft from the 
gear; it rotates at a frequency of £4 min '. The faster mixing 
blade is geared, by cog-wheels, to rotate at a frequency that is 
1,5 times thai of the slower blade. 

The mixer can be closed by a flat plastic plate, which is 3aid Oft 
top of the mixer. Il is removed to add water and to scrape down 
the dough. 

A. 2, 3 The mixer together with the reduction gear can pivot 
on the driving shaft. The resistance of the dough to being 
mixed causes a torque on the mixer which, if not balanced, 
would cause rotation of the nnixer. 



The mixer carries on its left-hand side, an arm the end of which 
is connected by the Sever system to the recorder pen. This 
causes a counter-torque on (he mixer, which is proportional to 
the deflection of the recorder pen. 

As a result, the deflection of the recorder pen is r if the two 
torques baFance one another, proportion a I to the torque on the 
mixer, i.e. to the resistance of the dough to being mixed. 

Movements of the mixer, iever system, and recorder pen are 
damped by 3 piston immersed in silicone oiS; the piston is con 
nected to the end of the arm on the right-hand side of the 
mixer. The extent of damping can be adjusted; more damping 
results in a narrower curve. 

A .2.4 The paper for the recorder is supplied in the form of a 
roll, It is moved by an eiectric docfc-lype motot at a rate of 
1,00 cm/ mi n. Along its length it bears a printed scale in 
minutes. Across its width it bears a circular scale (radius 
200 mm) with arbitrary units, running from to I D0Q 
valori graph units. 

A. 2. 5 The burette is operated by push-buttons, one for fill- 
ing it r and another for delivering water to the mixer. 

The choice between the two burettes is made on the basis of 
the expected water absorption, 



A3 Temperature control 

For temperature control, the air In the centre part of the cabinet 
circulates through air ducts containing 

a) an etectric preheating element with high power, con- 
trolled by a push-button; 

b) an eleciric heating element with low power, controlled 
by the thermoregulator c.l; 

c) a thermoregulator in the centre part of the cabinet, set 
at 30 "C. that controls the heating element b); 

d) a fan, driven by an electric motor; 

e) metal tubing to cool the instrument by a flow of tap 
water. 

The temperature of the oil in the dash-pot damper is maintained 
at 40 °C by an electric heating element and a thermoregulator 
that controls ihis heating element. 



UDC 664,641.12 : 664.653.8.014 : 543,812 
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absorption. 
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